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Production of gas mixtures containing hydrogen and carbon mon 


oxide. 



@ A process for producing a gas mixture containing hydrogen 
and carbon monoxide, comprising: endothermic reaction of one 
or more organic compounds with steam and/or carbon dioxide at 
a temperature of 700 to 1 500° C and a pressure of up to 80 bar; 
and partial oxidation of one or more gaseous fuels with an 
oxygen-containing gas in the presence of steam whereby a 
gaseous product is produces and thermal energy for said 
endothermic reaction Is provided. 
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K 9414 

PRODUCTION OF GAS MIXTURES CONTAINING 
HYDROGEN AND CARBON MONOXIDE 

The present invention relates to the production of gas 
mixtures containing hydrogen and carbon monoxide by endothermic 
reaction of organic ccnpounds with steam and/or carbon dioxide 
at temperatures of 700 to 1500 °C and pressures up to 80 bar 
5 utilizing thermal energy recovered from the partial oxidation of 
gaseous fuels to carbon monoxide and hydrogen. The endothermic 
reaction of organic compounds with steam is described in "Ency- 
clopedia of chemical technology 11 by Kirk-Othmer (3rd edition, 
1980); Volume 21, page 543. 

10 Endothermic thermal or catalytic reaction of organic com- 

pounds, especially hydrocarbons, in the presence of steam and/or 
carbon dioxide to produce carbon monoxide and hydrogen is an 
established reaction which is operated industrially using 
various processes. Such a process can be carried out in a 

15 tubular reactor, the necessary heat of reaction being supplied 
via heat transport through the walls of the tubes or in a medium 
of externally heated solid heat exchanger material e.g. fine 
grained solid which is used in a f luidized bed. 

The known processes necessitate involved technology and 

20 exhibit low thermal efficiency. 

In the autothermic partial oxidation of organic ccnpounds, 
the n ecessary thermal energy is supplied by the process itself 
via partial oonfcustion of the organic feedstock. This technique 
is also technically involved as well as requiring oxygen. 

25 An object of the invention is to increase the thermal 

efficiency of the conversion of hydrocarbons into synthesis gas 
thereby enabling the reaction of the carbon cxxrpounds with an 
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optimal or near optimal ccnsunption of energy and materials in 
the m anufacture of synthesis gas frcm gaseous fuels. 

In accordance with the present invention, there is provided 
a process for producing a gas mixture attaining hydrogen and 
carbon monoxide, carprising: endothermic reaction of one or more 
organic ccnpounds with steam and/or carbon dioxide at a tem- 
perature of 700 to 1500 °C and a pressure of up to 80 bar; and 
partial oxidation of one or more gaseous fuels with an oxy- 
gen-containing gas in the presence of steam and/or carfxsx 
d ioxide whereby a gaseous product is produced and thermal energy 
for said endothermic reaction is provided. By-products and waste 
products from chemical synthesis and natural gas can be enplcyed 
as the organic ccnpounds and/or the gaseous fuels. 

The cxygen-<xxitaining gas may be pure oxygen, air or mix- 
tures of pure oxygen and air. 

In view of the depletion of oil reserves, the partial 
oxidation of gaseous fuels to synthesis gas, which is a 
feedstock for many chemicals, is a subject of growing interest. 

The partial oxidation of gaseous feedstocks can take place 
according to various established processes. 

These processes include the Shell Gasification Process. A 
comprehensive survey of this process can be found in the Oil and 
Gas Journal, Septenber 6, 1971, pp 85-90. 

The partial oxidation of gaseous fuels is usually carried 
out at tenperatures around 900 to roughly 1600 °C, preferably 
1100 to 1500 °C and pressures tap to 100 bar, preferably 5 to 100 
bar. 

As a consequence of the high partial oxidation tenperature 
and the use of gaseous fuels as feedstocks, the resulting syn- 
thesis gas contains no ash, slag, soot or tar, thereby elimi- 
nating the necessity of vising expensive purification steps. 
Raised pressure, high tenperature and a gaseous feed lead to a 
high degree of conversion and relative to the volume of the 
gasification chanber, they effect a high specific throughput. In 
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the majority of plants in which synthesis gas converted into 
products such as ammonia, Qxo compounds, methanol or products 
from the Fiscfter-Trcpsch synthesis or the coal hydrogenation and 
which operate tinder pressure, a considerable part of the 
5 inve s tm e nt required for the ccnpressian can be saved on partial 
oxidizing gaseous fuels under pressure. Carpared to the 
established gasification processes in which ash-conta i ning fuel 
is employed or which operate under normal pressure, the pressure 
partial oxidation of gaseous fuel permits a considerable saving 

10 in the manufacturing costs of synthesis gas. 

The process according to the invention enables the use of 
the sensible heat of the gas for the endothermic reaction of 
organic ccnpounds with steam and/or carbon dioxide, is used to 
cool the synthesis gas. 

15 In accorda n ce with a preferred enbodiment of the invention 

on leaving the partial oxidation reactor the hot synthesis gas 
is immediately brought into contact with the organic ccnpounds 
to be rea c ted with steam and/or carbon dioxide i.e. preferably 
in a f luidized bed-containing reactor. 

20 With the process of the invention, it is possible to 

conduct the partial oxidation of gaseous fuels, under pressure, 
with optimal heat recovery in the waste heat system whilst 
utilizing the highest possible tenperature gradient. There is no 
blockage or baking in the units which are located after the 

25 gasifier, especially in the apparatus for recovering the waste 
heat. The endothermic reaction of the charge consisting of one 
or more organic ccnpounds has a cooling effect on the synthesis 
gas. Bie process of the invention leads to the formation of an 
increased amount of synthesis gas as carbon monoxide and 

30 hydrogen result from the endothermic reaction between the 
organic ccnpounds with steam or carbon dioxide. 

Hydrocarbons or oxygen-ccnta f ning ccnpounds are 
particularly suitable as organic compounds to be converted into 
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carbon nonoxide and hydrogen via the endothennic reac t ion with 
steam and/or carbon dioxide, and/or the partial oxidation with 
an oxygen-containing gas. Sane examples are methane, ethane, 
ethylene, propane, propylene, butane, butylenes naphtha, 
gasoil, dis tillat e, deasphalted oil, any non-ashoon- 

taining fuel, methanol, ethanol, propanol, formaldehyde, 
acetaldehyde, propionaldehyde, butyraldehyde, acetone, methyl 
ethyl ketone, diethyl ketone, dipropyl ketones, dimethyl ether, 
methyl ethyl ether, diethyl ether, propyl formate, butyl 
formate, formic acid, acetic acid, propionic acid and phenols 
(aromatic hydroxy compounds) . They are reacted either alone or 
as a mixture of any quantitative and qualitative content. 

The endothermic reaction and/or the partial oxidation are 
particularly suitable for the by-products of those syntheses 
where synthesis gas is used as feedstock. 

For example, in the Fischer-Tropsch synthesis lower hydro- 
carbons or oxygen-contaiiiing compounds are obtained as by-pro- 
ducts. Ethers and other oxygen-compounds are formed during the 
methanol synthesis, while branched aldehydes and hydrocarbons 
result as by-products of the olefin hydroformylation. 

Thus, the combination of the pa r tial oxidation with a 
chemical synthesis is of particnlar interest. If the non-required 
or undesired by-products are at least in part recycled on removal 
from the synthesis stage to the endbthermic reaction stage to 
produce hydrogen and synthesis gas, then the yields relative 
to the carbon feed and the thermal efficiency of the combined 
processes will be markedly increased. 

The Fischer-Tropsch synthesis can be taken as an example. 
The plant consists of a synthesis gas production unit, the actual 
Fischer-Tropsch synthesis and the stage for processing the 
products. Control of the process as well as the total yield of 
valuable products and the thermal efficiency can be markedly 
improved when, in accordance with the process of the invention, 
the undesired low boiling by-products of the synthesis, e.g. 
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methane as well as C 2 - and part of the C 3 hydrocarbons, are 
recycled with water and/or carbon dioxide to the endothennic 
reaction stage where they are converted via an endothennic 
reaction to carbon noncxide and hydrogen. While the thermal 
efficiency of the combined partial oxidation, synthesis and 
final processing steps (including the energy requirements of the 
conventional process) i.e. without recycling the Fischer-Tropsch 
by-products, amounts to roughly 58%, the t hermal efficiency 
of the process of the invention increases to roughly 64% an re- 
cycling the by-products. There is a similar situation with 
oxygen-containing by-products of the Pischer-Tropsch synthesis, 
in particular with lower aldehydes and alcohols. 

Utilizing the heat content of the synthesis gas leaving the 
partial oxidation, which can be at a tenperature up to 1600 °C, 
increases not only the yield of valuable products on reacting 
the lew-value by-products with steam and/or GD 2 to carbon mono- 
xide and hydrogen but also considerably simplifies operation of 
the process. The endothennic reaction of the carbonr-oontaining 
oenpounds with steam and/or OC^ 09X1 still proceed at a 
sufficient rate at only 800 °C. 

Positive results are achieved with all syntheses with 
carbon monoxide or a synthesis gas feedstock. The significance 
of the invention is therefore not limited to the examination of 
synthesis gas production with the Fisc±ie2^-Trcpsc^-^thesis . It 
also enocenpasses in the same way the conbination of synthesis 
gas production with methanol synthesis, Coco synthesis or other 
processes which are based on a carbon monoxide or a carbon 
monoxide and hydrogen feed. The same applies to processes for 
the hydrogenation of coal under pressure where the hydrogen far 
the hydrogenation is produced by partial oxidation of fuels 
especially coal or solid-containing high boiling hydrocarbon 
fractions which are obtained from the coal hydrogenation. 
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It is particularly worth mentioning that, the process 
according . to the invention, does not merely permit the utili- 
zation of the by-products from chemical synthesis but also the 
use of carbon dioxide, which always results from the autothermic 
gasification of fuels and/or subsequent O0-shift reactions. 

The endothermic reaction of organic ccnpounds with steam 
and/or 00 2 can occur at temperatures as low as 800 °C. Thus, the 
quantity of the organic compounds and therefore also the 
quantity of water and/or carbon dioxide is determined by the 
temperature of the synthesis gas leaving the reactor. Per each 
gram-natom of carbon of the organic compound, at least 3 moles, 
us ually 4 to 6 moles of water and/or carbon dio x ide are intro- 
duced. 

The extent of the increase in thermal efficiency and yield 
of value products in connected plants, which according to the 
invention consist of partial oxidation and endothermic reaction 
units, depends on the prevailing conditions, in particular on 
reaction conditions, products and the efficiency of the heat and 
product recovery plants. 

In summary the invention relates to a process for the 
production of a gas mixture containing hydrogen and carbon 
monoxide via the erxtothermic reaction of organic compounds with 
steam and/or carbon dioxide at ca. 700-1500 °C and pressures up 
to 80 bar. The process is characterized by the fact that the 
t hermal energy required for the endothermic reaction is obtained 
from the sensible heat of the carbon monoxide/hydrogen mixture 
resulting from the partial oxidation of gaseous fuels with 
oxygen or oxygen-containing gas mixtures in the presence of 
s team . 

Preferred entocdiments of the invention are summarized as 
follows: 

1. Process as described hereinbefore in which natural gas is 
employed as the gaseous fuel and/or the organic compound. 
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2. Process as described hereinbefore in which the endothermic 
reaction of the organic ccnpounds ensues in a zone situated 
after the gasification zone. 

3. Process as described hereinbefore in which the conpouxids to 
5 be endothentally reacted are preheated together with steam 

and/or carbon dioxide before entering the reaction zone. 

4. Process as described hereinbefore in which saturated or 
unsaturated hydrocarbons with 1 to 3 carbon atoms are enployed 
as the organic cxnpounds. 

10 5. Process as described hereinbefore in which the products of 
the Fischer-OSxpsch, methanol or Qxo synthesis can be employed 
as the organic cccrpcunds. 

6. Process as described hereinbefore in which the endothermic 
reaction between the organic compounds and steam and/or carbon 

15 dioxide is carried out in a fluid bed reactor in which a 
tenperature of 800-950 °C is advantageously maintained by 
routing the organic conpounds and at least part of the hot 
product gas from the partial oxidation reactor together with 
steam and/or G0 2 through a fluid bed of particulate catalyst. 

20 7. Process as described hereinbefore in which the endothermic 
reaction between the organic ccnpounds and steam and/or carbon 
dioxide is carried out in a fluid bed reactor in which a 
temperature of 800-950 °C is advantageously maintained by 
routing the organic ccnpounds together with steam and/or carban- 

25 dioxide through a fluid bed of particulate catalyst, which 

catalyst has been indirectly heated by means of at least part of 
the hot product gas from the partial oxidation reactor and 
thereafter has been recirculated to the endothermic fluid bed 
reactor. 

30 8. Process as described hereinbefore in which the endothermic 
reaction between the organic occpcunds and steam and/or carbon 
dioxide is carried out in a fluid bed reactor in which a 
tenperature of 800-950 °C is advantageously maintained by 
routing the organic conpounds together with steam and/or carbon 
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dioxide through a fluid bed of particulate catalyst which is 
indirectly heated by means of at least part of the hot product 
gas from the partial oxidation reactor being passed through at 
least one pipe situated in the fluid catalyst bed. 
5 9. Process as described hereinbefore in which the endothennic 
reaction between the organic ccrpounds and steam and/or carbon 
dioxide is carried out in a fixed catalyst bed sit u a t ed in at 
least one pipe in which a temperature of 800-950 °C is 
advantageously maintained by routing at least part of hot 

10 product gas from the partial oxidation along the pipe(s) . 

10. Process as described hereinbefore in which the endothennic 
reaction between the organic oonpounds and steam and/or carbon 
dioxide is carried out in a fixed catalyst bed situated in at 
least one pipe in which a tenperature of 800-950 °C is 

15 advantageously maintained by means of at least one heat transfer 
medium, e.g. liquid metal or a fluid bed, which medium has been 
heated by means of at least one other pipe through which at 
least part of the hot product gas from the partial oxidation 
reactor is passed. 

20 11. Process as described hereinbefore in which at least one 
gaseous by-product from at least one synthesis where synthesis 
gas is used as feedstock, is burnt in a gas turbine and at least 
part of the hot exhaust gas from the gas turbine is used for 
preheating at least part of the or g a nic oonpounds to be reacted 

25 with steam and/or carboy dioxide, at least part of the gaseous 
fuel to be partially oxidized and/or at least part of the steam, 
carbon dioxide and/or oxygen-containing gas to be used in said 
reactions. 

12. A process as described hereinbefore in which at least part 
30 of the hot gas from the partial oxidation reactor and/or at 
least part of the hot gas obtained by the reaction of one or 
more organic compounds with steam and/or carbon dioxide is 
passed together with one or more light hydrocarbons, an 
oxygen-containing gas and optionally steam and/or CO- to a 
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catalytic partial oxidation unit in order to increase the amount 
of synthesis gas produced. 

By the process according to the invention and its preferred 
embodiments the following advantages are obtained over the prior 
art processes: 

1) a better yield of synthesis gas; 

2) an increased H^CO ratio in the synthesis gas obtained; 

3) a lower usage of oxygen per of syngas obtained; 

4) a lower capital cost of the plant for the production of CO- 
and ^-containing gas mixtures. 
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CLAIMS 

1 # A process for producing a gas mixture containing hydrogen 
and carbon noncxide, carprising: endothermic rea c tio n of one or 
xtp r e orga nic compounds with steam and/or carbon dioxi de at a 
tenperature of 700 to 1500 °C and a pressure of up to 80 bar; 
and partial oxidation of one or more gaseous fuels with an 
oxygen-containing gas in the presence of steam whereby a gaseous 
product is produced and thermal energy for said endothermic 
reaction is provided. 

2. A process according to claim 1, wherein the gaseous fuel 
is natural gas. 

3. A process according to either preceding claim, wherein the 
partial oxidation is <rrrfti^~3 at a temperature of 1100 to 1500 °C 
and a pressure of 5 to 100 bar. 

4. A process according to any preceding claim, wherein the 
partial oxidation is carried out in a partial oxidatio n zone, 
the endothermic reaction is carried out in an endothermic re- 
action zone, and products of the partial oxida t ion are fed from 
the partial o xidat ion zone into the endothermic reaction zone. 

5. A process according to claim 4, w herein one or more organic 
conpounds are heated together with steam and/or carbon dioxide 
before entering the endothermic reaction zone. 

6. A process according to any preceding claim, wherein said 
one or more organic ccnpounds ccnprise one or more saturated 
or unsaturated hydrocarbons having 1 to 3 carbon ato m s in the 
molec u le. 

7. A process according to any preceding claim, wherein said 
one or mare o rg a nic compounds ccnprise one or more products of 
the Fischer^Tropsch, methanol or Cbco synthesis. 

8. Process according to any one of claims 1 to 7, 
characterized by the fact that the endothermic reaction between 
the organic compounds and steam and/or carbon dioxide is carried 
out in a fluid bed reactor in which a temperature of 800-950 °C 
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is advantageously maintained by routing the organic cenpounds 
and at least part of the hot product gas f rem the partial 
oxidation reactor together with steam and/or CC^ through a fluid 
bed of particulate catalyst. 

9. Process according to any one of claims 1-7, characterized 
in that the endothermic reaction between the organic cxxipounds 
and steam and/or carbon dioxide is carried cut in a fluid bed 
reactor in which a temperature of 800-950 °C is advantageously 
maintained by routing the organic cenpounds together with steam 
and/or carbon dioxide through a fluid bed of particulate cata- 
lyst, which catalyst has been indirectly heated by means of at 
least part of the hot product gas from the partial oxidation 
reactor and thereafter has been recirculated to the endothermic 
fluid bed reactor, 

10. Process according to any one of claims 1 to 7, characterized 
by the fact that the endothermic reaction between the organic 
cenpounds and steam and/or carbon dioxide is carried out in a 
fluid bed reactor in which a terrperature of 800-950 °C is 
advantageously maintained by routing the organic cenpounds 
together with steam and/or carbon dioxide through a fluid bed of 
particulate catalyst which is indirectly heated by means of at 
least part of the hot product gas fr om the partial oxidation 
reactor being passed through at least one pipe situated in the 
fluid catalyst bed. 
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@ Production of gas mixtures containing hydrogen and carbon monoxide. 

© A process for producing a gas mixture containing 
hydrogen and carbon monoxide, comprising: endothermic 
reaction of one or more organic compounds with steam and/ 
or carbon dioxide at a temperature of 700 to 1500 °C and a 
pressure of up to 80 bar; and partial oxidation of one or more 
gaseous fuels with en oxygen-containing gas in the presence 
of steam whereby e gaseous product is produced and 
thermal energy for said endothermic reaction is provided. 
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